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31P Nuclear Magnetic Resonance Study of Variations in lntra-Erythrocytic ATP Concentration and pH Induced by Surgical Trauma
Jean Pierre Montl,1 Sylvia Martinez,' Diane Braguer,' Christine Courtlna,2 Georges Francols,2and Alm#{233} Crevat1 '3 Variations in intracellular pH and ATP concentrations in erythrocytes were studied in patients undergoing a mild surgical intervention. lntra-erythrocytic pH was decreased at the end of the operation; ATP concentrations concomitantly increased, but not highly significantly. These variables returned to their initial values by 20 h after the end of surgery.
Many intracellular
disorders occur in stressed patients. Preliminary to a study of intracellular disorders in stressed patients, we used 31P NMR to determine pH1 and ATP in erythrocytes from surgical patients having no other disorder than the one requiring the surgical intervention LASA class 1 (7)1.
Materials and Methods
Patients: This study involved seven patients. All exhibited normal values for blood biological constants, and they had fasted for 12 h. Premedication consisted of hydroxyzine (100 mg) given 1 h before induction of anesthesia; droperidol (0.1 mg/kg body wt), phenoperidine (0.01 mg/kg), and thiopental (8 mg/kg) used for induction; and succicurariuin (1 mg/kg) to facilitate tracheal intubation. Anesthesia was maintained with inspired enflurane (15-20 mLIL) and an equivolume mixture of nitrous oxide and oxygen, administered in a semi-closed system. During the surgery and the following 20 h, the patients received a venous perfi.ision of Ringer's lactate solution (NaC1, KC1, CaCl2), 100 mL/h.
Blood samples: Heparinized samples of venous blood were obtained at t0 (just before the induction of anesthesia), t1 (at the end of operation), and t2 (20 h later).
Without delay (15 mm maximum) we obtained packed erythrocytes by centrifuging (1500 x g, 4 #{176}C, 10 mm) the blood samples in hermetically closed tubes, then gently aspirating the plasma and bufiy coat. The cells (packed cell volume about 80-90%) were stored in crushed ice and assayed no more than 60 mm later.
Blood pH measurements: At each time (t0, t1, and t2) blood pH was determined with a blood-gas analyzer 
IrttracellularpH:
We measured pH1 by NMR as previously described (6), using the chemical shift of inorganic phosphorus, P, (Figure 1) . As a further precaution, to correct for oxygenation of patients during surgical intervention, we plotted separately a standard titration curve for the t1 measurement, using hemolysate from blood sampled at the end of the surgery.
ATP measurements:
We measured the quantity of intraerythrocytic ATP by using NMR integration. The experimental conditions were the same as those of pH measurements (6) but with a relaxation delay of 6 s and 200 scans. Results are expressed as a percentage of the total intraerythrocytic phosphorus.
Results
Variations in blood pH and pH1, are shown in Figure 2 . At the end of the surgery, blood pH decreased slightly from 7.35 (SD 0.05) to 7.32 (SD 0.03), then approached its presurgical value 20 h later: 7.34 (SD 0.02). These variations are significant (P <0.05, paired Student's t-test).
The variations in pH, were greater: 7.26 (SD 0.1) at t0, 7.16 (SD 0.05) at t1, and 7.25 (SD 0.04) at t2. This decrease of 0.1 pH unit is highly significant (P <0.01). The variations in ATP content (in terms of percentage of total P) were slight and were not significant: from 21% (SD 5%) at t0, to 24% (SD 2%) at t1, and returning almost to initial values 20 h later, 19% (SD 5%) at t2 (P >0.1, paired Student's t-test).
Discussion
The 0.1 pH unit decrease in pH1 seen at the end of the operation is not an artifact caused by hyperoxygenation of erythrocytes. Indeed, to determine pH, at t1, we used a standard titration curve plotted with use of hemolysate from erythrocytes in blood sampled at the end of the operation. So the concentration of oxyhemoglobin is accounted for in the determination of pH1. The variation in blood pH is similar but significantly less (pH = 0.03). Because pH, may be influenced by several factors, further experiments will be necessary to specify the respective effect of anesthesia and surgical intervention.
Fasting seems to have no effect; indeed, p!!1 recovered its initial value 20 h after the operation without intake of any source of energy. The regulation of pH in erythrocytes is less complex than in other cells (8), so we do not propose to extend our results directly to the other cells. Nevertheless, assessment of pH1 may be one approach to the comprehension of intracellular disturbance.
Classically, an acidic pH is characteristic of a cell in the resting state (9,10). In this state, a decrease in enzymatic activity contributes to an increased concentration of ATP within the erythrocytes. We observed such an increase, but, as noted above, it was not highly significant, perhaps H because the decrease in pH1 is too short, <20 h. However, these variations would probably be greater in severely injured patients.
Extendmg this preliminary study to include patients with severe illness or injury might increase our understanding of 7.3 the status of high-energy phosphate metabolism in these patients.
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